A rapid PCR-enzyme-linked immunosorbent assay for identification of 10 important emm gene types of Streptococcus pyogenes was developed. The emm genotypes of a coded panel of strains of known M serotype were determined, and in 144 of 149 cases (97%) the results were congruous. Strains of types that were not included in the panel of capture probes were emm genotyped by sequencing.
GCG, 1 U of Taq polymerase (Gibco), and 1 l of DNA extract. The temperature cycle conditions were 1 cycle at 94°C for 3 min; 35 cycles at 93°C for 30 sec, 50°C for 30 sec, and 72°C for 2 min; and 1 cycle at 72°C for 5 min (Omnigene; Hybaid Ltd.). Upon electrophoresis, the PCR products from most strains of S. pyogenes comprised a single major amplicon of 800 to 1,500 bp, corresponding to the full-length emm gene.
The principle of the PCR-enzyme-linked immunosorbent assay (ELISA) is illustrated in Fig. 1 . The DNA sequences encoding the N-terminal hypervariable region of strains of types M1, M3, Arp4 (M4), M5, M6, M11, M12, R28 (M28), M76, and M78 (GenBank accession no. X07933, U11945, S82054, X15198, M20374, U11986, U11938, U11937, U11948, U11992, and U11990) were aligned, and probes were selected (Table 1 ) from the region employed by Kaufhold et al. (4, 5) . All capture probes were synthesized in 5Ј biotinylated form and were immobilized to microtiter plates as described previously (9) .
The PCR products to be analyzed were denatured by heat at 99°C for 10 min, chilled on ice, and then diluted to 600 l with ice-cold hybridization buffer (9) . An aliquot (50 l) of the diluted mixture was added to each microtiter plate test well and then diluted to 100 l with hybridization buffer. Hybridization was effected by incubation of the microtiter plate at 37°C for 10 min and then at 50°C for 20 min by floating the plate in a covered water bath. Following hybridization the fluorescein-labelled PCR-derived target sequence was detected as described previously (9) . The hybridization and detection steps may be completed in under two hours.
Strains that had been subjected to classical M typing were coded by one of us (A.E.) and, in a blind investigation, subjected to genotyping. The strains were selected to include 102 isolates of the 10 M types in the genotyping scheme and 48 isolates that belonged to other types. The latter group included strains that were difficult to serotype due to their cross-reactivities and strains belonging to serotypes related to the ten in the genotyping system.
For 149 of the 150 strains, analysis of the PCR products by gel electrophoresis showed an amplicon within the anticipated size range (800 to 1,500 bp). The reason for the repeated failure of emm gene amplification of a single strain of serotype M4 is unclear. It is possible that this strain, which was excluded from the study, had a mutation affecting one of the primer binding sites. Approximately 10% of the amplifications gave an additional, truncated product of between 150 and 250 bp. Se-quence analysis showed that this amplicon corresponded to the 5Ј hypervariable end of the emm gene (results not shown). A DNA homology search revealed a sequence that showed some similarity to the reverse primer situated at the expected location within some emm genes. Amplifications that gave primarily the truncated PCR product corresponding to the 5Ј end of the emm gene were relatively unreactive with the M-all capture probe but allowed identification of the specific emm gene type. The M-all probe gave a positive signal for 138 of the 149 strains which yielded a PCR amplicon.
Strains belonging to the serotypes included on the capture probe plate were identified to the expected type in 98 of 101 cases (97%). The strains of related M types were not captured by any probe in 46 of 48 cases (96%) ( Table 2) . Strains discordant by serotyping and PCR-ELISA were subjected to repeat M serotype and emm genotype testing. This resulted in the serotypes of several strains being reclassified. In one case (strain 46) the repeat tests revealed reactivity with both the M1 and M4 probes. It was confirmed by serological typing of single colonies that this culture was a mixture of M type 1 and M type 4.
Automated sequencing was performed as described previously (9) . The template was prepared by PCR as described above except that the forward primer was unlabelled. The partial sequence of the N termini of the emm gene amplicons of four strains was determined by using the forward primer. The results are shown in Table 3 . On repeat genotyping of two strains (23 and 45), the initial probe reaction could not be reproduced. The sequence determined for the serotype M5 strain 74 had 94% similarity over 165 bp to the sequence (GenBank accession no. M20374) determined by Miller and FIG. 1 . Principle of the capture probe ELISA method. The capture probe has a 5Ј biotin moiety (B) which binds to streptavidin (S) that has been attached to the surface of a microtiter plate well. The complementary sequence from the denatured PCR amplicon, which is labelled with fluorescein (F) recognized by the antibody (Ab), is hybridized to the capture probe. Finally, any hapten remaining bound to the well following washing is detected by anti-hapten-horse radish peroxidase (HRP) with 3,3Ј,5,5Ј-tetramethylbenzidine (TMB) substrate. A positive probe reaction is defined as having at least four times the absorbance (at 620 nm) of the average value for the other probes. At least 75% of the positive reactions were in the range of 10 to 50 times higher than the average. colleagues (7). However, it differed by four bases within the sequence corresponding to the capture probe. In the remaining two cases the sequence was consistent with the result obtained by the capture probe method. Strain 40 (serotype M4) gave an amplicon hybridizing to the M1 capture probe, and the sequence was 97% homologous with the gene encoding M1 (GenBank accession no. X07933). The sequence of the amplicon derived from strain 25 (serotype M3), which did not hybridize to a specific capture probe, was homologous to the M2-encoding gene. PCR mixture contamination is an unlikely explanation of these discordant results, since the large quantity of the starting template prevents significant amplification of contaminants by competition. Beall and colleagues (1) have also reported a strain of one serotype (M77) which apparently carried the gene for a different serotype (M27). It is possible that these results are due to strains carrying more than one emm gene, only one of which is amplified. The use of capture probes for emm gene typing was first demonstrated by Kaufhold et al. (4, 5) . However, those authors suggested that it would be desirable to modify the capture oligonucleotides so that they would hybridize at a single temperature. The M1 capture probe described by Kaufhold and colleagues (5) does not capture amplicons derived from some variant M1 types, due to nonmatching bases within the probe sequence (10) . However, the variant strains showed an unusual T8M1 serotype (10) and, in addition, electrophoretic typing indicated that they belonged to clonal lines that are clearly distinct from the classical M1 strain (8) . In the present study it was not considered worthwhile to include multiple probes for subtypes of type M1, since strains of the T8M1 serotype are uncommon.
The 10 type-specific capture probes used in this study should identify over 60% of current strains submitted to the PHLS Streptococcus Reference Unit, which handles all GAS M serotyping in the United Kingdom. The addition of more probes, particularly for serotypes of emerging importance, would increase the typeability of strains. Strains that cannot be identified by the probe panel may be analyzed by direct sequencing.
Comparison of DNA sequences with the growing number of emm gene sequences available in sequence databases would determine the M type of a high percentage of strains (1) . In this scheme, any strain not assigned to a particular serologically defined type would be termed an emm genotype on the basis of its unique sequence.
We suggest that the PCR-ELISA be used as the initial step in an M typing scheme (Fig. 2) . Isolates that reacted only with the M-all probe would then be typed by sequence analysis. PCR amplicons that gave no signal with either an emm genespecific probe or M-all would be retested by PCR-ELISA. Persistently unreactive PCR amplicons could be typed by sequencing. For the small number of strains that give no amplification product, serological typing would be necessary. The use of expensive serological or sequencing reagents would be minimized by the introduction of PCR-ELISA to screen all isolates. We are currently testing additional capture probes for M serotypes of S. pyogenes that are of increasing importance.
